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infarction (MI) and in-hospital outcome in repeat-AMI patients undergoing primary percutaneous
coronary intervention (PCI) remains unclear.
Methods and results: Using the AMI-Kyoto Multi-Center Risk Study database, clinical background,
angiographic ﬁndings, results of primary PCI, and in-hospital prognosis were retrospectively
compared between primary PCI-treated AMI patients with previous anterior MI (anterior group,
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n = 151) and those with previous non-anterior MI (non-anterior group, n = 157). Clinical back-
grounds, angiographic ﬁndings, results of primary PCI, and in-hospital outcome did not differ
signiﬁcantly between the two groups. On multivariate analysis, Killip class ≥3 at admission,
number of diseased vessels ≥2 or diseased left main trunk at initial coronary angiography, and
age were the independent predictors of in-hospital mortality in the recurrent-AMI patients, but
not the anterior location of previous MI.
Conclusions: These results suggest that among recurrent-AMI patients undergoing primary PCI,
in-hospital prognosis mostly depends on the severity of acute heart failure at the onset and the
rather than previous MI sites.
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or left circumﬂex coronary arteries (LCx) and their major
branches, or a 50% reduction in the internal diameter of theresidual myocardial ischemia
© 2009 Japanese College of C
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ecurrent acute myocardial infarction (AMI) is a disastrous
ondition with high in-hospital morbidity and mortality,
hich can frequently result from co-existence of multi-
essel disease, severely impaired left ventricular function,
r shock states. Primary percutaneous coronary intervention
PCI) is now established as a ﬁrst-line therapeutic strat-
gy for patients with AMI and accumulating evidence has
ndicated that primary PCI could ameliorate the prognosis
n AMI patients complicated with cardiogenic shock [1—4].
ecently, we have shown that repeat-AMI patients under-
oing primary PCI had higher prevalence of Killip class ≥3
t admission, larger number of diseased vessels at initial
oronary angiography (CAG), and a signiﬁcantly higher in-
ospital mortality rate than ﬁrst-AMI patients [5]. However,
ata regarding repeat-AMI patients undergoing primary PCI
ave been limited and to our best knowledge, the rela-
ion between location of previous myocardial infarction (MI)
nd in-hospital outcome in repeat-AMI patients undergoing
rimary PCI has never been investigated. The AMI-Kyoto
ulti-Center Risk Study, a large multicenter observational
tudy in which 16 collaborating hospitals in Kyoto Prefec-
ure have collected demographic, procedural, and outcome
ata on AMI patients, was established in 2000 in order to
nalyze these data and establish an emergency-hospital net-
ork for heart diseases in Kyoto [5—8]. The purpose of the
resent study is therefore to compare in-hospital prognosis
n primary PCI-treated recurrent-AMI patients having previ-
us anterior MI with those of recurrent-AMI patients having
revious non-anterior MI, using data from the AMI-Kyoto
ulti-Center Risk Study.
ethods
atient population
rom January 2000 to December 2007, 3010 consecutive
atients with a diagnosis of AMI, who were admitted to AMI-
yoto Multi-Center Risk Study Group Hospitals within 1 week
fter the onset of AMI, were enrolled in the present study
Fig. 1). Of these, 414 patients had previous MI, and 314
ut of the 414 patients with previous MI received primary
CI, of whom data on clinical background were available
n 308. Previous MI and the sites of that were identiﬁed
y medical history and echocardiographic ﬁndings. Previ-
us anterior MI was deﬁned as antecedent MI in anterior
l
a
s
a
zology. Published by Elsevier Ireland Ltd. All rights reserved.
ite or multiple sites including anterior site. We retrospec-
ively compared clinical background, coronary risk factors,
ngiographic ﬁndings, acute results of primary PCI, and in-
ospital prognosis between primary PCI-treated AMI patients
ith previous anterior MI (anterior group, n = 151) and those
ith previous non-anterior MI (non-anterior group, n = 157)
Fig. 1). The diagnosis of AMI required the presence of two
f the following three criteria: (1) characteristic clinical his-
ory; (2) serial changes on the electrocardiogram suggesting
nfarction (Q-waves) or injury (ST-segment elevations); and
3) transient increase in cardiac enzymes to more than 2-fold
he normal laboratory value.
ata collection
he patients’ demographic information, cardiovascular his-
ory, and risk factors (i.e. smoking, hypercholesterolemia,
ypertension, and diabetes mellitus) were recorded. Hyper-
holesterolemia was deﬁned as total cholesterol ≥220mg/dl
r the use of cholesterol-lowering agents; hypertension was
eﬁned as systemic blood pressure ≥140/90mmHg or the
se of antihypertensive treatment; diabetes mellitus was
eﬁned as fasting blood sugar ≥126mg/dl or the use of spe-
iﬁc treatment. After informed consent to participate in the
MI-Kyoto Multi-Center Risk Study was conﬁrmed by each
atient, all in-hospital data were transmitted to the cen-
er located at the Department of Cardiovascular Medicine in
yoto Prefectural University School of Medicine for analysis.
he study protocol was approved by each hospital’s ethics
ommittee.
mergency CAG and reperfusion therapy
mergency CAG was performed using the standard tech-
ique. The coronary ﬂow in the infarct-related artery (IRA)
as graded according to the classiﬁcation used in the
hrombolysis in myocardial infarction (TIMI) trial. Signiﬁcant
oronary artery stenosis was deﬁned as at least a 75% reduc-
ion in the internal diameter of the right coronary arteries
RCA), left anterior descending coronary arteries (LAD),eft main trunk (LMT). Non-signiﬁcant stenosis was deﬁned
s coronary arterial narrowing less than a signiﬁcant steno-
is. Patients with either angiographically normal coronary
rteries or non-signiﬁcant stenosis were classiﬁed as having
ero-vessel disease. Multi-vessel culprit lesions were deﬁned
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as simultaneous thromboses of multiple coronary arteries in
the initial CAG. After the culprit lesions were ascertained
by CAG, primary PCI was subsequently performed.
Statistics
Data are expressed as mean± SD. The anterior and the non-
anterior groups were compared using the chi-square test for
discrete variables and unpaired Student’s t-test for continu-
ous variables according to standard statistical methods. The
odds ratio and 95% conﬁdence intervals assessing the risk
of in-hospital death were estimated by multivariate logistic
regression analysis. In the multivariate logistic regression
analysis, TIMI ﬂow grade was categorized into two groups:
grade 3 and grade ≤2 or unknown. In all analyses, signif-
icance was accepted at p < 0.05. Statistical analysis was
performed with a standard statistical software (StatView,
version 5.0, SAS Institute Inc., Cary, NC, USA).
i
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Table 1 Clinical characteristics of the study patients (the anterior
intervention; CABG, coronary artery bypass grafting.
Anterior
(n = 151)
Age (mean years± SD) 67.1± 11.9
Male (%) 126 (83.4)
Previous PCI (%) 68 (45.0)
Previous CABG (%) 9 (6.0)
Risk factors
Smoking (%) 52 (34.4)
Hypercholesterolemia (%) 52 (34.4)
Hypertension (%) 65 (43.0)
Diabetes mellitus (%) 52 (34.4)
Elapsed time <24 h (%) 140 (92.7)
Killip 3/4 (%) 30 (19.9); MI, myocardial infarction; PCI, percutaneous coronary inter-
esults
atient characteristics and risk factors
he clinical characteristics and risk factors in the 2 groups
re summarized in Table 1. There were no signiﬁcant dif-
erences in the clinical background and the prevalence of
oronary risk factors between the 2 groups.
ngiographic data
able 2 shows the emergency coronary angiographic data
n the 2 groups. The anterior group tended to have cul-
rit lesions in the LAD, compared with the non-anterior
roup, although the difference was not signiﬁcant. The
umber of diseased vessels did not vary between the
groups.
group vs. the non-anterior group). PCI, percutaneous coronary
Non-anterior p-Value
(n = 157)
68.4± 13.7 0.354
123 (78.3) 0.256
85 (54.1) 0.110
8 (5.1) 0.740
54 (34.4) 0.994
60 (38.2) 0.491
71 (45.2) 0.701
46 (29.3) 0.333
143 (91.1) 0.600
31 (19.7) 0.979
80
Table 2 Angiographic ﬁndings of the study patients. RCA,
right coronary artery; LAD, left anterior descending coronary
artery; LCx, left circumﬂex coronary artery; LMT, left main
trunk; SVG, saphenous vein graft.
Anterior Non-anterior p-Value
(n = 151) (n = 157)
Culprit lesions
RCA (%) 45 (29.8) 73 (46.5) 0.087
LAD (%) 69 (45.7) 55 (35.0)
LCx (%) 27 (17.9) 23 (14.6)
LMT (%) 4 (2.6) 2 (1.3)
Multivessels (%) 5 (3.3) 3 (1.9)
SVG 1 (0.7) 1 (0.6)
No. of diseased vessels
0 (%) 0 (0.0) 0 (0.0) 0.816
1 (%) 71 (47.0) 78 (49.7)
2 (%) 48 (31.8) 50 (31.8)
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p3 (%) 28 (18.5) 27 (17.2)
LMT (%) 4 (2.6) 2 (1.3)
esults of coronary intervention
able 3 shows the results of primary PCI in the two groups.
ata on TIMI grade in the IRA were available in 140 of the
51 patients with previous anterior MI and in 150 of the
57 patients with previous non-anterior MI. The anterior
roup was more likely to have lower TIMI grade in the IRA
efore primary PCI, compared with the non-anterior group,
lthough the difference was not signiﬁcant (p = 0.083). The
istribution of TIMI grade immediately after primary PCI did
ot differ signiﬁcantly between the 2 groups. Frequency of
oronary stents and mechanical support devices did not vary
etween the two groups.
Table 3 Results of coronary intervention in the study
patients. TIMI, thrombolysis in myocardial infarction; IABP,
intraaortic balloon pumping; PCPS, percutaneous cardiopul-
monary support. Data on TIMI grade available only for 140 of
the anterior group and for 150 of the non-anterior group.
Anterior Non-anterior p-Value
(n = 151) (n = 157)
Pre TIMI grade
0 91 (65.0) 80 (53.3) 0.083
1 12 (8.6) 24 (16.0)
2 20 (14.3) 19 (12.7)
3 17 (12.1) 27 (18.0)
Post TIMI grade
0 1 (0.7) 5 (3.3) 0.311
1 3 (2.1) 1 (0.7)
2 7 (5.0) 8 (5.3)
3 129 (92.1) 136 (90.7)
Stent (%) 114 (75.5) 116 (73.9) 0.745
IABP (%) 35 (23.2) 30 (19.1) 0.381
PCPS (%) 2 (1.3) 5 (3.2) 0.273
Pacing (%) 13 (8.6) 14 (8.9) 0.924
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n-hospital outcomes
able 4 shows the in-hospital prognosis in the 2 groups.
here were no signiﬁcant differences in in-hospital over-
ll mortality as well as in-hospital cardiac-related mortality
etween the 2 groups. The anterior group was more likely
o have death ascribed to heart failure, compared with the
on-anterior group, although the difference was not signiﬁ-
ant. The length of hospital stay and the maximum creatine
hosphokinase concentration did not differ between the two
roups. In order to assess the contribution of clinical back-
round, risk factors, angiographic ﬁndings, and results of
rimary PCI, multivariate logistic regression analysis using
ll available variables (age, gender, smoking, hypercholes-
erolemia, hypertension, diabetes mellitus, multi-vessel or
MT as culprit lesions, number of diseased vessels ≥2 or dis-
ased LMT, stent usage, elapsed time <24 h, Killip class ≥3
t admission, TIMI 3 ﬂow before/after primary PCI, previous
nterior MI) was developed for overall death during hospi-
alization in the study population (Table 5). Killip class ≥3 at
dmission, number of diseased vessels ≥2, or diseased LMT
t initial CAG, and age were the independent predictors of
n-hospital mortality, but the anterior location of previous
I was not.
iscussion
he major ﬁndings of the present multicenter study are as
ollows: (1) among patients with recurrent AMI undergoing
rimary PCI, the in-hospital outcome was similar for the
atients with previous anterior MI and the patients with
revious non-anterior MI. (2) According to the results of
ultivariate analysis, Killip class ≥3 at admission, number
f diseased vessels ≥2 or diseased LMT at initial CAG, and
ge were independent predictors of in-hospital death, but
revious anterior MI was not.
This study was the ﬁrst to investigate the impact of pre-
ious MI location on the in-hospital outcome in patients
ith recurrent AMI undergoing primary PCI. There have
een few studies of patients with repeat AMI undergoing
rimary PCI, but we recently reported that such patients
eceiving primary PCI had a higher prevalence of Killip
lass ≥3 at admission, more diseased vessels, more often
eeded intraaortic balloon pump support during PCI, and
ad a signiﬁcantly higher in-hospital mortality rate than
atients with their ﬁrst AMI [5]. Repeat-AMI patients tend to
ave poor left ventricular function compared with ﬁrst-AMI
atients, and we have therefore hypothesized that patients
ith prior anterior MI (who have more severe left ventric-
lar dysfunction) might have a worse in-hospital outcome
han patients with previous non-anterior MI. Therefore,
e focused on the inﬂuence of the previous MI site on
he in-hospital outcome in repeat-AMI patients undergo-
ng primary PCI. Unexpectedly, this study showed that the
linical background, angiographic ﬁndings, results of pri-
ary PCI, and in-hospital outcome after PCI did not differigniﬁcantly between recurrent-AMI patients with previous
nterior MI and those with previous non-anterior MI. In
ddition, although detailed data regarding left ventricular
unction were lacking, the frequency of a Killip class ≥3 at
dmission and the use of mechanical support devices did
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Table 4 In-hospital outcomes in the study patients. CK, creatine phosphokinase; Vf, ventricular ﬁbrillation. Data on max CK
available only for 149 of the anterior group and for 149 of the non-anterior group.
Anterior Non-anterior p-Value
(n = 151) (n = 157)
Length of hospital stay (days) 22.9± 19.0 23.4± 19.4 0.825
max CK (IU/L) 2649.3± 2887.4 2727.5± 4008.3 0.847
Death (%) 21 (13.9) 23 (14.6) 0.852
Cardiac-related (%) 18 (11.9) 14 (8.9) 0.388
Shock 6 5 0.709
Heart failure 9 3 0.066
Rupture 1 3 0.333
Vf 2 3 0.684
Noncardiac-related (%) 3 (2.0) 9 (5.7) 0.089
Table 5 Predictors of in-hospital mortality in the study patients (multivariate logistic regression analysis). OR, odds ratio; CI,
conﬁdence intervals; LMT, left main trunk; TIMI, thrombolysis in myocardial infarction; PCI, percutaneous coronary intervention.
OR 95% CI p-Value
Killip 3/4 5.982 2.772—12.911 <0.0001
No. of diseased vessels ≥2 or LMT 2.260 1.005—5.082 0.0486
Age 1.048 1.010—1.088 0.0137
Multi-vessels or LMT as culprit 1.469 0.390—5.528 0.5695
TIMI 3 before PCI 1.169 0.441—3.099 0.7539
TIMI 3 after PCI 0.469 0.169—1.305 0.1471
Elapsed time <24 h 0.603 0.202—1.803 0.3654
a
d
i
u
r
v
i
a
c
i
v
a
n
[
o
a
b
A
m
t
w
ﬂStent usage 1.268
Previous anterior MI 0.960
not vary between these groups. However, the recurrent-AMI
patients with previous anterior MI were more likely to suf-
fer from death due to heart failure than the recurrent-AMI
patients with previous non-anterior MI, although the differ-
ence was not signiﬁcant.
The inﬂuence of the location of MI on the progno-
sis remains controversial. A previous study indicated that
patients with anterior MI had a higher long-term mortal-
ity rate than patients with inferior MI, while another study
showed that the location of MI did not inﬂuence the long-
term prognosis [9,10]. In contrast, another recent report
from Gomez and colleagues demonstrated that among
patients with a very low ejection fraction, those with infe-
rior MI had a worse prognosis than those with anterior
MI [11]. In addition, a recent Japanese study has shown
that patients with previous inferior MI undergoing isolated
coronary artery bypass grafting have signiﬁcantly higher
postoperative morbidity and mortality rates than patients
with previous anterior MI [12]. The authors of these reports
speculated that right ventricular dysfunction or ischemic
mitral regurgitation might play a critical role in the worse
outcome of patients with previous inferior MI. Although we
did not obtain data regarding right ventricular function and
mitral regurgitation in the present study, there is a possibil-
ity that these factors might have contributed to the similar
in-hospital prognosis of AMI patients with previous anterior
MI and those with previous non-anterior MI. On the contrary,
based on our results of multivariate analysis, Killip class ≥3
at admission, number of diseased vessels ≥2 or diseased LMT
t
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3
l0.516—3.117 0.6045
0.461—1.996 0.9122
t initial CAG were independent predictors of in-hospital
eath, but previous anterior MI was not, suggesting that
n-hospital prognosis of repeat-MI patients mostly depends
pon the severity of acute heart failure at the onset and the
esidual myocardial ischemia rather than previous MI sites.
In the present study, recurrent-AMI patients with pre-
ious anterior MI were more likely to have culprit lesions
n the LAD than recurrent-AMI patients with previous non-
nterior MI, although the difference was not signiﬁcant. We
annot explain this trend precisely, but recent reports have
ndicated that, in addition to the culprit lesion, multiple
ulnerable plaques can be detected in the culprit artery
nd the non-culprit arteries of patients with acute coro-
ary syndrome by intravascular ultrasound and angioscopy
13,14]. Thus, there might be no reason for the culprit lesion
f patients with recurrent AMI to occur in a speciﬁc coronary
rtery. In addition, there is a possibility that patients with
road anterior infarction at their previous MI and recurrent
MI in the RCA or LCx territory might suffer from cardiopul-
onary arrest or sudden death before reaching hospital and
hus could be excluded from our database.
The present study showed that recurrent-AMI patients
ith previous anterior MI were more likely to have worse
ow (a lower TIMI grade) in the IRA before primary PCI
han recurrent-AMI patients with previous non-anterior MI,
lthough the difference was not signiﬁcant. According to a
revious study that compared patients with or without TIMI
ﬂow prior to primary PCI, patients with TIMI 3 ﬂow were
ess likely to have signs of heart failure and left ventric-
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[2
lar dysfunction during emergency CAG [15]. In addition,
ther previous studies have indicated that a left ventricu-
ar ejection fraction <50%, cardiogenic shock, and increased
eart rate were independent predictors of ﬁnal TIMI ﬂow
2 [16—18]. Another recent Japanese report pointed out
hat acute hyperglycemia on admission, which might repre-
ent hemodynamic instability or heart failure through the
elease of catecholamine and adrenal corticosteroids, was
ndependently associated with the higher corrected TIMI
rame counts after primary stenting [19]. These ﬁndings
ave suggested that left ventricular dysfunction might be
losely related to prior lower ﬂow as well as ﬁnal lower ﬂow
n the IRA after primary PCI.
imitations
irst, this was a retrospective observational analysis of a
mall number of patients. Second, data on the clinical and
ngiographic features at the time of previous PCI were
ot available for all repeat-AMI patients undergoing pri-
ary PCI. Third, we did not assess left ventricular function
nd the door-to-balloon time, which might be predictors
f in-hospital death. In the present study, Killip class ≥3
t admission was the most powerful predictor of hospital
ortality after repeat AMI, and left ventricular dysfunc-
ion might therefore inﬂuence the in-hospital prognosis in
his patient population. Fourth, data regarding the interval
etween the previous MI and recurrent AMI were missing.
ifth, ‘‘ST elevation MI’’ was not discriminated from ‘‘non-
T elevation MI’’.
onclusion
he present study provides evidence that among recurrent-
MI patients undergoing primary PCI, in-hospital prognosis
ostly depends on the severity of acute heart failure at
he onset and the residual myocardial ischemia rather than
revious MI sites. However, the small size of the study pop-
lation as well as the lack of data regarding left ventricular
unction are major limitations, so a larger and more detailed
tudy should be performed to conﬁrm our ﬁndings.
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